INTRODUCTION
============

While dance has evolved as a pure art, it has reached the level where professional dancers require intense practice to master challenging techniques and provide high-quality performances, which require physical strength ([@b14-jer-11-6-356]). With this physical limitation, a variety of methods have been suggested to improve dance-related issues, and physiological and physical needs have been highlighted as combined with sports science ([@b8-jer-11-6-356]; [@b13-jer-11-6-356]).

Most professional dancers experience insufficient nutrient intake considering the amount of practice in which they engage to ensure high-quality performances and maintain their body shape ([@b11-jer-11-6-356]; [@b28-jer-11-6-356]). In the case of Brazilian professional dancers, no statistically significant difference was seen, but both male (29.5%) and female (31.1%) dancers had abnormal dietary patterns ([@b22-jer-11-6-356]). Dancers' dissatisfaction about their body shapes reportedly affects their dietary attitude, resulting in nutritional imbalances, menstrual irregularities, body composition imbalances, and bone mineral density (BMD) decreases, and it can even negatively impact muscular function ([@b3-jer-11-6-356]; [@b9-jer-11-6-356]; [@b18-jer-11-6-356]; [@b19-jer-11-6-356]). In addition, professional dancers from the Bolshoi Ballet exhibited statistically significantly lower body mass index, body fat percentage, and body fat amount compared to students from the College of Physical Education. Lean tissue was also low in female dancers, demonstrating that intense practice altered body composition ([@b5-jer-11-6-356]).

In terms of BMD, approximately 83% of ballet dancers observed by [@b23-jer-11-6-356] experienced eating disorders, and the study reported that dancers who did not have a normal diet maintained a decreased BMD compared to the control group ([@b20-jer-11-6-356]). In particular, weight control measures, eating disorders, and dietary restrictions that began in adolescence tended to decrease BMD ([@b9-jer-11-6-356]; [@b17-jer-11-6-356]; [@b27-jer-11-6-356]), and [@b6-jer-11-6-356] showed that dancers who engaged in highly intense practice when young and aiming to become professional ballet dancers tended to have decreased BMD.

Furthermore, decreased BMD can expose dancers to increased risks of fall-induced bone fracture, resulting in musculoskeletal damage or sarcopenia, which can potentially limit a dancer's ability to perform expressive movements ([@b4-jer-11-6-356]; [@b9-jer-11-6-356]). In particular, improved muscular strength in the lower limbs is essential to easing the technical challenges of body expression. Although its satisfaction can lead to efficient movement and enable a higher and farther jumping or leaping takeoff, which facilitates improvements to the dancer's art, muscular function reportedly varies by dance type ([@b25-jer-11-6-356]). Taken together, a dancer's inappropriate diet can negatively impact their body composition, BMD, and lower-limb muscular function ([@b9-jer-11-6-356]).

As mentioned above, although previous studies suggested various implications about the study of dance, an investigation of nutritional intake and analysis of the individually required factors such as body composition, BMD, and isokinetic muscular function are required to further understand the physiological features of dance. Therefore, this study aimed to understand differences in these factors by dance type by investigating the nutritional intake, body composition, BMD, and isokinetic muscular function of students majoring in contemporary dance, ballet, and Korean dance. Furthermore, by comparing the physical features of students who were not dance majors with those who were dance majors, we obtained health-related information in an effort to provide approaches to solving dance performance problems and improve function.

MATERIALS AND METHODS
=====================

Study subjects
--------------

The study subjects included 12 students majoring in Korean dance, 13 students majoring in ballet, eight students majoring in contemporary dance, and 12 nondance majors at Kyung Hee University located in Seoul through simple random sampling. Thus, a total of 45 students (age range, 18--20 yr) participated in this study after they volunteered to participate and signed an informed consent form. None of the participants had any physical defects or diseases and were not on any medication. The participants' characteristics are shown in [Table 1](#t1-jer-11-6-356){ref-type="table"}.

Nutritional intake
------------------

Nutritional intake was self-recorded over 24 hr on a dietary record. Nutritional intake was recorded for a total of three days, including two weekdays and one weekend day. The survey employed the Computer Aided Nutrition Analysis Program generated by The Korean Nutrition Society and aimed to investigate the intakes of total calories, the three major nutrients, calcium, phosphorus, iron, and zinc.

Body composition
----------------

Body composition was measured using dual X-ray absorptiometry (DXA; QDR-4500W; Hologic, Marlborough, MA, USA) to investigate lean tissue and body fat percentage.

Bone mineral density
--------------------

BMD was measured with DXA assessing whole body BMD and it was recorded in g/cm^2^.

Isokinetic muscular function measurement
----------------------------------------

Isokinetic dynamometry (Cybex 770-NORM, Cybex International, Medway, MA, USA) was performed to evaluate flexion and extension of the right and left knees. Each test included three maximal contractions at 60°/sec for muscle strength. Each isokinetic contraction was performed through a full range of motion, and data were normalized to each participant's body weight and calculated as torque (N·m/kg) × 100.

Data process method
-------------------

Statistical analyses were performed by using SAS ver. 9.2 (SAS Institute Inc., Cary, NC, USA), and mean and standard deviation for each variable were computed using descriptive statistics. One-way analysis of variance was performed to test the statistical significance of body build, nutritional intake, body composition, BMD, and isokinetic muscular function of the four groups according to sport type. *Post hoc* testing was performed using Duncan multiple range test. For all statistical tests, a *P*\<0.05 was considered as statistically significant.

RESULTS
=======

This study compared and analyzed nutritional intake, body composition, BMD, and isokinetic muscular function in collegiate female Korean dance majors (n=12), ballet majors (n=13), modern dance majors (n=8), and controls (n=12). The results are described below.

Comparison of nutritional intake
--------------------------------

The nutritional intake analysis results for each group are listed in [Table 2](#t2-jer-11-6-356){ref-type="table"}. There was no statistically significant difference in mean total calories, protein, fat, carbohydrate, calcium, phosphorus, or iron intake among the different groups of dance majors. There was also no statistically significant difference between the dance students and controls.

Comparison of body composition
------------------------------

The body composition analysis results in each group are summarized in [Table 3](#t3-jer-11-6-356){ref-type="table"}. No statistically significant difference in mean lean tissue was observed among the dance student groups or between the dance students and controls. However, mean percentage body fat was significantly different between the groups (*F*=5.20, *P*\<0.004). Based on post hoc test results, the Korean dance group did not exhibit a statistically significant difference from the other three groups (27.7% ± 4.64%), whereas the ballet (24.8% ± 3.12%) and contemporary dance (24.5% ± 4.57%) groups had a statistically significantly lower mean body fat content than the control group (30.0% ± 3.09%). On the other hand, there was no statistically significant difference between the Korean dance, ballet, and contemporary dance groups.

Comparison of BMD
-----------------

The results comparing whole body BMD among groups are shown in [Table 4](#t4-jer-11-6-356){ref-type="table"}. No statistically significant difference was observed in mean whole body BMD among the different dance type groups or even between dance majors and nondance majors in the control group.

Comparison of isokinetic muscular function
------------------------------------------

The comparison result of isokinetic muscular function by group is shown in [Table 5](#t5-jer-11-6-356){ref-type="table"}.

Isokinetic extensor 60°/sec and Isokinetic flexor 60°/sec
---------------------------------------------------------

No statistically significant difference was detected on the right or left side of the mean isokinetic extensor at 60°/sec among the dance groups or between any dance group and the control group. No statistically significant difference was detected on the right or left side of the mean isokinetic flexor at 60°/sec among the dance groups or between any dance group and the control group.

DISCUSSION
==========

Nutritional intake
------------------

Although it is necessary for dancers to obtain sufficient nutrition to ensure their best performance, dancers experience limited nutritional intake to maintain their body image and shape because dance is an art expressed through body motions. Thus, dancers are at risk of minimal nutritional intake, which can lead to deficiencies of micronutrients such as iron, calcium, and vitamin D ([@b26-jer-11-6-356]).

No difference was observed in any of the nutritional intake values among participants in this study. However, while the Korean National Health and Nutrition Examination Survey (KNHANES V-3) ([@b16-jer-11-6-356]) revealed a total energy intake of 1,779 kcal from similar age groups, the mean caloric intakes were 1,454.1 ± 478.59 kcal in the contemporary dance group, 1,213.4 ± 390.32 kcal in the ballet group, and 1,100.9 ± 472.89 kcal in the Korean dance group in the present study, while that in the control group was 1,306.9 ± 332.53 kcal. These results indicated that total nutritional intake expenditure is insufficient for female nondance majors and dance majors, highlighting the need for an increased nutritional intake for all groups surveyed in this study. In this regard, [@b15-jer-11-6-356] provided nutritional treatment to ballet dancers for 9 months. The study results showed that the treatment improved nutritional intake from 1,640 ± 412 to 2,368 ± 182 kcal, while fat mass showed no statistical significant increase. Total energy expenditure increased significantly (*P*\<0.05), whereas fat mass did not. Based on their results, nondance and dance majors should avoid limiting their intake because of body image concerns. Furthermore, to decrease nutritional imbalances and related diseases, dancers require a minimum of 30 kcal of fat free mass as per kg of body weight daily as well as the necessary energy expended during training. In terms of macronutrients, the daily recommendation per kg of body weight is 3--5 g for carbohydrate, 1.2--1.7 g for protein, and 20%--35% for fat ([@b26-jer-11-6-356]). This study showed that mean carbohydrate intake was 151.9 ± 63.5 g for the Korean dance group followed by 176.7 ± 46.17 g for the control group, 177.8 ± 63.7 g for ballet group, and 196.3 ± 67.99 g for the contemporary dance group, which was converted to 2.8, 3.3, 3.4, and 3.5 g of intake level per kg of body weight, respectively, showing Korean dance group slightly did not meet the daily recommendation. In addition, mean protein intake was 43.3 ± 17.92 g for the Korean dance group, 45.4 ± 15.31 g for ballet group, 50.9 ± 15.37 g for the control group, and 55.3 ± 18.95 g for the contemporary dance group, which was equivalent to intake per body weight of 0.8, 0.9, 1.0, and 1.0 g for individual groups when converted to daily recommendation per body weight, suggesting that all four groups experienced remarkably insufficient protein intake.

[@b15-jer-11-6-356] reported that the nutritional intake of ballet dancers was 342.0 ± 33.2, 85.3 ± 9.3, and 73.2 ± 15.9 g for carbohydrate, protein, and fat, respectively, values that are much higher than those of the students surveyed in this study. Thus, as shown in [@b15-jer-11-6-356], it is essential to have treatment or approaches to elevate macronutrient intake level up to the daily recommended intake. It is also important to change perception of dancers about dietary intake for their health and future and to build a system that allows continuous management through nutritional intake monitoring.

Body composition
----------------

Systemic and proper body composition and its maintenance are essential for dancers to perform challenging and high-quality repetitive movements ([@b21-jer-11-6-356]). However, most dancers pay more attention to their body shapes than body compositions. In this regard, the mean body fat contents of the participants of the present study were 30% ± 3.09% for the control group, 27.7% ± 4.64% for the Korean dance group, 24.8% ± 3.12% for the ballet group, and 24.5% ± 4.57% for the contemporary dance group, and the values of the contemporary dance and ballet groups were significantly different from that of the control group (*P*\<0.05). [@b7-jer-11-6-356] revealed 25.9% ± 4.2% and 32.0% ± 5.9% as the body fat contents of contemporary dancers and nondancers, respectively, while [@b30-jer-11-6-356] showed that adolescent dancers and nondancers had body fat contents of 25% ± 0.05% and 34% ± 0.04%, respectively. These studies showed a similar tendency to the results of the present study for the contemporary dance and ballet groups but not the Korean dance group.

However, in the case of lean tissue, no statistically significant difference was observed compared to the control group, showing 39,329.7 ± 2,997.67 g/cm^2^ for the contemporary dance group, 36,772.4 ± 3,004.82 g/cm^2^ for the Korean dance group, 36,503.1 ± 2,849.29 g/cm^2^ for the ballet group, and 35,421 ± 4,631.5 g/cm^2^ for the control group. This result suggests that nondance and dance majors have similar levels of lean tissue. Therefore, it is necessary for dancers to increase their lean tissue to better their performance, for which weight training or weight-bearing exercise programs are highly recommended. When this training is pursued, dancers' capacities to execute challenging movements that require artistic components and professional dancing techniques are expected to improve.

Bone mineral density
--------------------

Eating disorders, menstruation disorders, and low BMD, either alone or in combination, are risk factors for female dancers ([@b9-jer-11-6-356]). Some studies related to BMD reported that dancers had decreased BMD ([@b10-jer-11-6-356]), leading to the risk of osteoporosis, whereas other studies reported opposite results that the weight-bearing movements improved dancers' BMD ([@b1-jer-11-6-356]). This study did not show any difference in BMD among participants; in fact, all four groups maintained a normal BMD range level (1.1 ± 0.06--0.09 g/cm^2^) despite a low nutritional intake. These results were consistent with those of [@b30-jer-11-6-356] in which Chinese adolescent dancers showed a relatively higher BMD despite a low nutritional intake and menstrual disorder. The study mentioned that the results could be due to their high levels of weight-bearing physical activity.

In this study, we also observed a normal BMD range despite a continuous diet restriction and low nutritional intake, which is thought to be because dancing movements such as kicking, leaping, hopping, turning, jumping, and twisting apply intense mechanical stress to the bones through weight-bearing.

However, [@b7-jer-11-6-356] showed a left hip BMD of 1.2 ± 0.11 g/cm^2^ and 1.1 ± 0.10 g/cm^2^ for collegiate contemporary dancers and nondancers, respectively, indicating a statistically significant difference between the groups (*P*\<0.05), a finding that was inconsistent with those of this study. However, BMD could vary among body parts and dance types and levels. Thus, the measurement of BMD in different body parts as well as the whole body is recommended to obtain more accurate data.

Isokinetic strength
-------------------

The evaluation of muscular function using isokinetic measurement equipment can be a useful indicator to assess the efficacy of sports injury prevention and recovery and is a reliable measurement method for muscular strength and endurance ([@b2-jer-11-6-356]). From the analysis of isokinetic strength, no statistically significant difference was observed between the extensor and flexor at 60˚/sec for the left or right sides. This result means that female nondance and dance majors have similar muscular strength, which might limit the ability of the latter to perform active and accurate movements such as standing, locomotion, or dynamic jumping or turning. Thus, it was reported that plyometric training would be proper for dance major students to efficiently improve quadriceps femoris strength, which is critical to dance performance ([@b24-jer-11-6-356]; [@b29-jer-11-6-356]). It is also important that they maintain balanced muscle strength of the biceps femoris, which plays an important role as a flexor in the lower limbs, and resistance exercises such as leg curls are required to improve flexor strength. In addition, if professional approaches such as weight training can be used to overcome difficulties executing active movements and technical challenges, the oxidative function of slow muscle fibers will develop and improve mitochondrial function within the cells, leading to a potential increase in muscular function ([@b12-jer-11-6-356]) and more efficient execution of dance performance.
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###### 

Subject characteristics by study group

  Characteristic         Female dance group                                 
  ---------------------- -------------------- -------------- -------------- --------------
  Body weight (kg)       54.5 ± 6.45          51.0 ± 4.70    54.7 ± 6.89    53.0 ± 6.38
  Standing height (cm)   164.9 ± 3.29         163.3 ± 3.55   164.8 ± 3.42   160.3 ± 5.10

Values are presented as mean ± standard deviation.

###### 

Comparisons of nutritional intake condition parameters by dance types in collegiate female dancers

  Variable                Female dance group   *F*                *P*\>*F*                                     
  ----------------------- -------------------- ------------------ ------------------ ------------------ ------ ------
  Total calories (kcal)   1,100.9 ± 472.89     1,214.4 ± 390.32   1,454.1 ± 478.59   1,306.9 ± 332.53   1.26   0.30
  Protein (g)             43.3 ± 17.92         45.4 ± 15.31       55.3 ± 18.95       50.9 ± 15.37       1.06   0.38
  Fat (g)                 35.8 ± 17.55         36.0 ± 10.87       49.8 ± 17.82       40.4 ± 11.57       1.90   0.14
  Carbohydrate (g)        151.9 ± 63.50        177.8 ± 63.70      196.3 ± 67.99      176.7 ± 46.17      0.93   0.44
  Ca (mg)                 269.2 ± 150.14       364.6 ± 108.67     367.4 ± 144.18     350.2 ± 124.85     1.44   0.25
  P (mg)                  557.5 ± 257.41       629.4 ± 215.38     736.9 ± 271.83     677.1 ± 206.70     1.05   0.38
  Fe (mg)                 7.2 ± 3.53           8.1 ± 3.23         8.9 ± 2.74         9.7 ± 5.28         0.87   0.47
  Zn (mg)                 5.1 ± 2.29           5.6 ± 2.08         6.5 ± 2.40         6.1 ± 2.20         0.81   0.50

Values are presented as mean ± standard deviation.

###### 

Comparisons of body composition parameters by dance type in collegiate female dancers

  Parameter              Female dance group                                            *F*                                                        *P*\>*F*                           
  ---------------------- ------------------------------------------------------------- ---------------------------------------------------------- ------------- ------------- ------ ----------------------------------------------------
  Lean tissue (kg)       36.8 ± 3.00                                                   36.5 ± 2.85                                                39.3 ± 2.10   35.4 ± 4.63   2.07   0.12
  Percent body fat (%)   27.7 ± 4.64[a),b)](#tfn4-jer-11-6-356){ref-type="table-fn"}   24.8 ± 3.12[b)](#tfn4-jer-11-6-356){ref-type="table-fn"}   24.5 ± 4.57   30.0 ± 3.09   5.2    0.004[\*](#tfn5-jer-11-6-356){ref-type="table-fn"}

Values are presented as mean ± standard deviation.

Same alphabet indicates no significant difference among groups.

*P*\<0.05.

###### 

Comparisons of total body BMD by dance type in collegiate female dancers

                        Female dance group   *F*          *P*\>*F*                        
  --------------------- -------------------- ------------ ------------ ------------ ----- -----
  Total BMD (g/cm^2^)   1.1 ± 0.06           1.1 ± 0.06   1.1 ± 0.06   1.1 ± 0.09   1.6   0.2

Values are presented as mean ± standard deviation.

BMD, bone mineral density.

###### 

Comparisons of isokinetic muscular strength at %BW 60°/sec by dance type in collegiate female dancers

  Isokinetic muscular strength        Female dance group   *F*             *P*\>*F*                               
  ----------------------------------- -------------------- --------------- --------------- --------------- ------ ------
  Extensor peak torque %BW (N·m/kg)                                                                               
   Right                              178.5 ± 19.48        176.0 ± 34.68   184.3 ± 19.16   160.5 ± 28.11   1.52   0.22
   Left                               176.0 ± 23.38        170.6 ± 37.79   180.5 ± 18.49   151.5 ± 37.42   1.79   0.17
                                                                                                                  
  Flexor peak torque %BW (N·m/kg)                                                                                 
   Right                              112.0 ± 17.03        114.0 ± 20.72   114.3 ± 26.42   100.8 ± 18.41   1.14   0.35
   Left                               110.1 ± 18.93        113.8 ± 26.57   112.6 ± 18.87   94.4 ± 23.37    1.87   0.15

Values are presented as mean ± standard deviation.

\% BW, % body weight.
